Objective: Despite recent advances in our molecular understanding of Spitz-type tumors, the clinical behavior of these lesions remains unclear. We thus set out to define the clinical outcome of classic Spitz nevi, atypical Spitz tumors (ASTs), and spitzoid melanomas.
nevi. Spitz nevi were diagnosed at a younger age than ASTs (mean age, 26.4 years vs 33.7 years) (P=.01), though both occurred earlier than melanomas (mean age, 50.4 years, PϽ.001). Sentinel lymph node biopsy findings were positive in 1 of 6 and 4 of 8 patients with ASTs and spitzoid melanomas, respectively. After a median follow-up of 9.1 years, only 1 patient with an AST, who had a separate intermediate-thickness melanoma, developed distant metastasis. There were 6 documented invasive melanomas among 144 patients with classic Spitz nevi or ASTs (observed/expected ratio, 8.03) (P =.01).
Conclusions: Atypical Spitz tumors are associated with minimal lethal potential, an increased melanoma risk, and a moderate risk of metastasis to regional nodes. It makes clinical sense to minimize aggressive treatment but to offer careful surveillance for rare relapses and subsequent melanomas.
Arch Dermatol. 2011; 147(10) :1173-1179. Published online June 16, 2011 June 16, . doi:10.1001 June 16, /archdermatol.2011 S PITZ (SPINDLE AND/OR EPITHElioid cell) tumors/nevi were first described in 1948 by Sophie Spitz as "juvenile melanomas." 1, 2 The incidence of Spitz tumor is estimated to range from 1.4 to 1.66 per 100 000, affecting all age groups but uncommon beyond the 4th and 5th decades of life. 3, 4 Clinically, these lesions appear as well-circumscribed pink, tan, or brown papules or nodules with an average diameter of 8 mm that may involve any part of the body. Even early on, the clinical outcome of Spitz tumors has been of tremendous interest because a reasonable subset of these lesions appear to metastasize and yet not prove fatal-hence, the earlier term, benign juvenile melanomas. 1, 2 There are several elaborate criteria for the histopathologic diagnosis of Spitz tumors. Discriminating them from the benign or malignant variants, especially in their atypical forms, has been a great challenge in dermatopathology and has resulted in many controversies in the diagnosis and management of these not-sorare pigmented lesions. [4] [5] [6] [7] [8] Spatz et al 9 proposed a grading system for risk stratification of Spitz tumors and categorized them into low, intermediate, or high risk based on a combination of clinical and pathologic parameters. Another similar and pragmatic approach classified Spitz tumors into 3 categories: Spitz tumor without atypicality (classic Spitz nevus [CSN]), atypical Spitz tumor (AST), and spitzoid malignant melanoma (SMM). 10 However, in 1 blinded study, a panel of 10 pathologists reviewed 30 Spitz-type tumors (including Spitz tumors without atypicality, ie, CSN, ASTs, and spitzoid melanomas) and failed to reach consensus on objective morphologic criteria. 7 In the face of histopathologic controversies, it is also possible to refocus analysis on clinical outcome rather than histologic discrimination. Clinical, histopathologic, and outcome studies of ASTs have suffered from short follow-up periods and/or small case series size. In aggregate, several studies have used sentinel lymph node biopsy (SLNB) to demonstrate nodal involvement in about 40% of cases. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] In 1 recent series of 67 patients with AST, 27 of 57 patients who underwent SLNB had detectable microscopic disease in the sentinel node (47%) 12 ; however, all 27 patients with a positive SLNB finding were alive and disease free at median follow-up of 43.8 months. Taken together, these studies point to an emerging divide between the intense histologic and molecular analysis applied to these lesions and the prognostic relevance of Spitz-type tumors to patients. We thus set out to evaluate the clinical outcomes of patients with Spitztype tumors over the course of 30 years in a large, retrospective, single-institution case series.
METHODS

IDENTIFICATION OF ELIGIBLE CASES
After obtaining institutional review board approval at Massachusetts General Hospital (MGH) (legacy 2008P000860), we applied the search terms "Spitz" or "Spitz" [AND] "melanoma" to the database of the Department of Pathology at MGH, and limited the search period to 1987 through 2002 (Figure 1 ) so as to allow at least a 6-year follow-up window. Although retrospective in nature, the index cases were entered into our series through the pathology database and were forward tracked through medical records to examine outcome. Collectively, 583 pathology reports created during this time interval included the word "Spitz" either in the clinical diagnosis field, final pathology diagnosis, or the pathology notes and/or comments. Each final pathology report was then evaluated by a single pathologist (A.S.). After examination of each report, duplicate records and re-excision specimens were eliminated, and 431 lesions from distinct individuals were identified.
Of these 431 individuals, 144 patients had records in the Partners Longitudinal Medical Record (LMR) system, which includes laboratory values and medical records from 8 Harvardaffiliated hospitals, and thus demographic characteristics, birth date, and date of diagnosis could be confirmed on these cases. The excluded cases were 50 cases with the word "Spitz" in their clinical differential diagnosis rather than in the pathology report, 5 duplicate records, 6 melanomas unrelated to Spitz, 20 cases with the pathology diagnosis only and no clinical follow-up, and 206 pathology consult slides only, with no follow-up or treatment information at MGH (Figure 1 ). Using the search terms of "Spitz" [AND] "melanoma", we also identified 13 cases of SMM or malignant melanomas arising in association with spitzoid lesions. All other details regarding SLNB procedures and second melanomas were confirmed with a pathology report.
For comparison, the ages at diagnosis for 2345 melanomas evaluated during the study period (1987 through 2002) were also retrieved through the MGH cancer registry.
DIAGNOSTIC CRITERIA
Inclusive criteria for histopathological diagnosis of Spitz tumors and their discrimination from atypical and malignant forms have been previously published. 10 Briefly, tumor characteristics are categorized into 3 groups: (1) organizational criteria, including diameter, depth, ulceration, circumscription, pagetoid spread, confluence, cellular density, zonation, maturation, asymmetry, and Kamino bodies; (2) proliferation criteria, including mitotic rate, deep mitoses, and proliferation index (in some cases); and (3) cytologic criteria, including quality of cytoplasm, nucleus to cytoplasm ratio, chromatin pattern, nuclear membranes, and nucleoli.
However, our study period precedes publication of these criteria, and the dermatopathologists in the present study used some of the above features combined with their overall im- The gray boxes represent all patients within the 25th to 75th percentiles; error bars, the 10th and 90th percentiles; and horizontal lines, median age at diagnosis. *Differences in the median ages at onset among spitzoid melanomas, ASTs, and all MGH melanomas were compared using the Mann-Whitney test.
†The distribution of CSN and ASTs passed normality, and the means were compared using the t test.
pression to discriminate benign from atypical from malignant spitzoid melanocytic tumors. After each final pathology report was reviewed, cases without features of atypia in the final pathology diagnosis-regardless of the involvement of the epidermis, dermis, or both-were classified as CSN, and cases for which any form of atypia was mentioned in the final diagnosis were included in the AST category. Cases with an unequivocal final diagnosis of invasive SMM or other type of invasive melanoma arising in association with Spitz-type tumors that included synoptic reports and evaluations of melanoma prognostic factors were included in SMM category.
CALCULATING THE OBSERVED/EXPECTED RATIO
The number of melanomas observed among our 144 cases during their follow-up period was compared with the number of expected cutaneous melanomas calculated using the National Cancer Institute's Surveillance, Epidemiology and End Result (SEER) data (www.seer.cancer.gov). SeerStat, version 6.5.1 statistical software was used to calculate age-adjusted incidence rates of malignant melanoma separately for white men and white women by year from 1973 through 2006; rates for the 2007-2010 period were extrapolated using a regression model. For each individual in our data set, we calculated the cumulative sum of the yearly incidence rate beginning with the individual's birth year and up through the year of last known follow-up or year of melanoma diagnosis, if affected. We then took the sum of these values across all individuals as the expected number of melanomas in this cohort. A 95% confidence interval (CI) was calculated using a bootstrap approach.
RESULTS
Of the 144 confirmed cases of Spitz tumors, there were 57 and 87 cases diagnosed in men and women, respectively. The mean age of diagnosis was 30.2 years (age range, 3-77 years), and the mean follow-up period for our cohort was 109 months (9.1 years; range, 1-206 months); 5 patients had a full skin evaluation and surgical treatment at MGH but decided to follow up with their local dermatologists (follow up, Յ1 month). From the pathologic diagnoses, 68 were CSN (47.2%), and 76 were ASTs (52.8%). There were also 13 cases of Spitz-associated melanomas (10 SMMs and 3 melanomas arising in Spitz nevi).
We first examined differences between the demographic characteristics and clinical features of Spitz tumors with and without atypia. As shown in Figure 2 , CSN occurred significantly earlier in life than their atypical counterparts (mean age, 26.4 years vs 33.7 years) (P=.01), although 12 of 76 ASTs were diagnosed in patients younger than 18 years (15.8%). The mean patient age at diagnosis for 2345 melanomas seen at the MGH during the study period was 50.4 years. This was significantly older than age at diagnosis for CSN, ASTs, or SMMs (PϽ.001 for all).
More than half the lesions occurred on the extremities (81/144, 56.3%) ( Table 1) , 52 of 144 being located on the lower extremities (36.1%). There were no apparent site differences between CSN and ASTs (P =.22). Although women were slightly overrepresented among ASTs compared with CSN (65.8% vs 54.4%), this was not statistically significant (P=.22).
Sentinel lymph node biopsies were performed on 6 of 76 patients with ASTs and on none with CSN ( Table 2) . Only 1 person had microscopic nodal involvement, and this patient was diagnosed as having an AST on his left knee at age 22 years. After the sentinel lymphadenectomy, he underwent a completion lymph node dissection, and no additional metastatic nodes were identified. Subsequently, he received high-dose interferon and remained disease free at last follow-up, 8.8 years after AST diagnosis. None of the patients who underwent SLNB for their ASTs had a prior melanoma.
For evaluating the outcomes of CSN and ASTs, we had a median follow-up period of 109 months among our cohort of 144 patients. During this interval, there was only a single case of distant metastases, in a 36-year-old man who had a moderately atypical compound Spitz nevus on the right ear and a concomitant intermediatethickness, superficial spreading melanoma (SSM) on the scalp. Both the primary SSM and the metastases consisted of similar epithelioid cells. Although the metastases most likely developed from the bona fide melanoma, it is difficult to completely exclude the rare possibility that the disseminated disease had emerged from the patient's Spitz tumor rather than from the melanoma. The collective experience, however, suggests that Spitz-type tumors, regardless of their atypical features, are not associated with an aggressive outcome.
As detailed in Table 3 , there were 7 invasive melanomas and 1 in situ melanoma at an unrelated site among 7 patients with Spitz-type tumors. These preceded the melanoma in 3 of the cases, and 5 of the 7 Spitz-type tumors had atypical features. Given the relatively large cohort size (n = 144), we were able to calculate the expected number of primary invasive melanomas over the entire monitored period (ie, age at last follow-up) using SEER-derived incidence data. Since we could not fully confirm 1 of the melanomas by pathology report, and since the SEER database does not fully capture in situ melanomas, we used the 6 invasive melanomas among our cohort for the analysis. Matching for sex, date of birth and age at last follow-up, we obtained an observed/ expected ratio of 8.03 (95% CI, 2.61-14.9) (P=.01). This suggests that the presence of either a Spitz nevus or an AST may be a risk factor for melanoma.
In addition, there were 13 Spitz-related melanomas: 10 of these were classified as spitzoid melanomas, while 3 were more common types of melanoma (2 SSMs and 1 nodular melanoma [NM] ) that appeared to be contiguous to a Spitz nevus ( Table 4 ). The mean age at diagnosis for this group of Spitz-related melanomas was 28.0 years. The 10 spitzoid melanomas were also diagnosed significantly earlier than the MGH melanomas (Figure 2 ) (PϽ .001 for patient age 35 years vs 55 years). In total, 8 of 13 patients in this group underwent SLNB sampling: 4 results were positive, and 1 patient with an NM that was contiguous to a Spitz nevus subsequently developed a regional axillary metastasis 35 months after the initial diagnosis. Another 29-year-old man developed a second primary SSM after an initial spitzoid melanoma. All 13 patients were alive without evidence of disease at last follow-up (mean follow-up, 110 months; range, 20-218 months).
COMMENT
The long-term clinical outcome of patients with Spitz tumors has been somewhat controversial given the propensity of Spitz tumors for regional metastasis. In this study of 144 patients with Spitz-type tumors (68 CSN and 76 ASTs) and 13 Spitz-related melanomas, we did not detect any deaths after a mean follow-up period of 9.1 years except for 1 patient who had a concurrent, intermediate-thickness SSM. Thus, in our series, Spitztype tumors were associated with a highly favorable prognosis. Compared with other analyses, [11] [12] [13] [14] [15] [16] the present study is larger and has longer follow-up and consonant findings. Although fatalities have been reported for patients with Spitz-type tumors, 7 mortal outcome appears uncommon and unpredictable in light of present clinical, pathologic, and molecular information.
A somewhat intriguing result is the increased risk of melanoma among patients with either CSN or AST. We detected an 8.0-fold excess risk for melanoma when individuals were matched to the SEER registry for date of birth, age and sex. Unfortunately, the small number of cases precludes us from differentially estimating CSN and AST risks with any great precision. In our analysis, we calculated the expected number of melanomas by the age at last followup. Thus, we assessed for an association between Spitz tumors and melanoma without regard to order of occurrence (ie, Spitz then melanoma vs melanoma then Spitz). Nevertheless, this association raises the clinical hypothesis that Spitz tumors may share similar risk factors with melanoma and that the early presence of Spitz tumors may be a possible risk marker for subsequent melanomas. However, unlike common nevi, Spitz-type tumors do not occur in large numbers on most patients; therefore, CSN and ASTs are less likely to exhibit the quantitative risk gradient by nevus count reported for common and atypical moles. 22 One confounding factor in the analysis is the ongoing surveillance experienced by many in the cohort. Therefore, part of the apparent risk that we found may reflect increased surveillance and sampling. Although this finding requires replication, it does support the notion that Spitz-type tumors are demonstrable markers of risk for cutaneous melanoma.
There are several dimensions to the relationship between Spitz tumors and melanoma. First, the cells within the proliferation may adopt atypical spindle and epithelioid morphologic characteristics, giving rise to the more canonical group of spitzoid melanomas, which can morphologically overlap with ASTs. Second, SLNBs have been used in the recent past under the assumption that this staging procedure would distinguish ASTs from true melanomas. In our series, 5 of 14 patients who underwent SLNB had microscopic disease (36%) (1 of 6 ASTs, 3 of 7 spitzoid melanomas, and 1 of 1 melanoma arising in a Spitz nevus), which is in line with the 40% estimate from the literature. [11] [12] [13] [14] [15] [16] None of these patients developed widespread metastases in our interval of observation. Unlike microscopic nodal disease in the more common forms of melanoma, which reproducibly predicts higher mortality, the utility of SLNB with Spitz tumors is unclear because the predictive value of finding nodal disease is uncertain.
Another less commonly recognized event is the coincidence of SSMs and NMs and Spitz tumors. Magro et al 23 recently described a distinct superficial atypical variant of Spitz tumors that can evolve into SSMs. Based on the his- tomorphologic criteria, including dermal mitoses in 7 of 19 patients, they included 19 cases in this provisional category. In 3 patients, SLNBs were performed, and the results were negative. The patients were all alive and disease free during a 2-year clinical follow-up period. Whether to place this newly suggested category in a borderline group, such as a subtype of AST, or frank melanoma requires larger studies and extended follow-up to verify their actual natural history and behavior. Although there may be some bias resulting from MGH being largely an adult hospital, we also found that the average age of onset for CSN is significantly earlier than that for ASTs, even among our predominantly adult population; this is to be expected because CSN are known to occur largely in pediatric populations. 24 Although there is clear overlap in age distribution, the disparity suggests that there may be genetic or host factors that influence the expression pattern of these types of lesions.
A study of dysplastic nevi demonstrated a similar positive correlation between age and degree of atypia. The mean ages at diagnosis for "mildly" vs "severely" atypical dysplastic nevi were 34.8 and 41.5 years, respectively. 25 These time-dependent observations raise 2 speculations: (1) nevi that persist over time sustain more cumulative injury, such as oxidative or UV radiation damage, thereby leading to a higher level of atypia on pathologic evaluation; or (2) nevi that form on aged or photoaged skin may in fact adopt a more atypical appearance.
Putting the clinical and management controversies aside, we believe that the biological implications of a neoplasm with reasonable metastatic but low lethal potential is extraordinary. Molecular analyses of Spitz-type tumors have shown that Spitz tumors harbor HRAS aberrations 26 (ie, amplifications and mutations) to a greater extent than BRAF and NRAS abnormalities, which can be recovered from the more common types of moles and melanoma. 27 Although oncogenic activation of these 3 genes enhances RAS signaling, there is a clear distinction in clinical behavior. Interestingly, activating germline mutations in HRAS, BRAF, and NRAS leads to Costello, 28 cardiofaciocutaneous, 29 and autoimmune lymphoproliferative 30 syndromes, respectively, and yet none of these conditions has been reported to predispose a carrier to melanomas or Spitz-type tumors. Thus, constitutive signaling alone is not sufficient to transform melanocytes in these proliferations. Other specifying features such as cell of origination, timing in development, genetic modifiers, and stromal response may ultimately determine the pathologic phenotype.
One limitation to the study is the identification of Spitz lesions from a single database. Although selection and referral biases may exist, these results would ideally spark additional multicenter studies to better refine prognosis of Spitz-type tumors. Another possible confounder is reclassification based on outcome. For instance, if an AST diagnosis is revised to melanoma after a fatality, the benign nature of ASTs would be preserved. We attempted to minimize this bias by defining the moment of pathologic diagnosis as the point of entry. Patients were then followed up through the MGH system, and all subsequent events were annotated. The apparent association between Spitz tumors and melanomas is also subject to detection bias, since individuals with either diagnosis are monitored more closely; again, additional studies are needed to replicate this finding.
In conclusion, our study suggests that ASTs are associated with low lethal potential, an increased melanoma risk, and a metastatic capability to regional nodes. It is not unreasonable to position Spitz-type tumors in the same general category as another precursor lesion, the dysplastic nevus. Overall, it makes rational clinical sense to minimize aggressive treatment for localized lesions but to offer continued surveillance for rare relapses and subsequent melanomas. Moreover, in the absence of a welldocumented prognostic trial specifically addressing survival, the therapeutic role of SNLB sampling in this population is debatable. 
